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PRESENT  STATUS  OP  TOE  TAMC  ARMOR  PROGRAM  AND  PROPOSED  PROGRAM 
FOR  DEVELOPMENT  OF  ARMOR  TO  DEFEAT  HEaT  AND  HEP  PROJECTILES 


ABSTRATf 


This  T««balcal  Note  presents  the  present  status  of  tne 
tank  armor  program,  the  proposed  program  for  the  immediate 
future,  and  an  outline  of  the  long  range  program.  A  review 
of  the  program  proposed  m  August  is  maae  and  proposals  to 

meet  the  increase  In  scope  and  urgency  demanded  of  this  program 
are  presented. 
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INTRODUCTION 

1 

The  urgent  need  for  answers  to  a  large  number  of  questions 
about  tank  armor  has  increased  the  rate  of  work  on  these  p'-oblems 
and  the  number  of  people  interested.  This  increased  interest  makes 
it  desirable  to  have  an  interim  report  at  this  time  so  that  ail 
those  concerned  may  know  the  present  status  and  the  plans  for  future 
work.  Both  the  imiaediate  plans  and  the  long  range  program  should 
he  included. 

The  BRL  were  assigned  the  responsibility  for  the  study  of 
specialized  armor  tor  the  defense  .-igainst  shaped  charge?  and  HEP 
nead  projectiles.  In  August  1950  the  BRL,  in  BRL  Technical  Note 
No.  281,  proposed  the  following  general  plan. 

"1.  that  a  contract  re  placed  with  a  glass  fabricator 
to  develop  a  glass  armor  suitable  for  application  to  steel  that 
would  give  protection  from  3.5  in.  rocket  and  9Om0  T108  projectiles." 

Tests  by  Dr.  Pugh  at  Carnegie  Institute  of  Technology  have  shown 
that  glass  blocks  or  plates  have  shown  unusual  properties  in  defense 
against  shaped  charges.  These  properties  should  be  investigated 
more  thoroughly. 

"2.  that  spike  designs  capable  of  defeating  the  3.5  in. 
rocket  and  the  90mm  T108  be  developed  and  tested  by  Aberdeen  Prov¬ 
ing  Ground."  The  purpose  of  the  spikes  is  to  disrupt  the  cone 
before  completion  of  the  detonation. 

"3.  that  tests  and  design  studies  be  carried  out  to  '.e- 
terraine  practicable  method  of  usi.ng  plastic  explosives  as  a  metnod 
of  defense  against  the  hollow  charge."  It  appears  that  thin  plates 
of  explosive  placed  on  the  armor  will  detonate,  disrupt  the  jet 
and  prevent  penetration. 

"4.  that  each  practicable  armor  type  successful  in  de¬ 
feating  the  hollow  charge  projectile  be  tested  for  its  resistance 
to  attack  by  the  105mm  T81  pro jectil.- ." 

These  proposals  basically  remain  much  the  same  today.  How¬ 
ever,  some  detailed  changes  and  additions  have  been  made.  The 
status  of  tht  program  up  to  date  follows: 

In  connection  with  the  first  proposal,  two  contracts  have 
been  proposed,  one  with  Kalo  Engineering  Company  of  OlJsmar,  Florida, 
the  other  with  the  Flrntkote  Companj',  Whippany,  New  Jersey.  The  study 
of  glass  will  be  included  in  one  or  both  of  these  contracts,  but  the 
study  will  extend  beyond  this.  The  Kalo  Engineering  Company  will  make 
a  special  effort  to  produce  a  plastic  (or  find  a  material  that  is  embedded 
in  a  plastic)  that  will  defeat  the  shaped  charge.  The  F!  ir.tkote  Conrany 
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In  connection  with  the  second  proposal  in  2S1,  the  design  and 
pattern  of  spiked  armor  chosed  for  the  first  tests  at  Aberdeen  Proving 
Ground  were  based  on  the  studies  made  under  the  direction  of  ^uRC 
during  World  War  II.  This  particular  design  and  pattern  had  not  been 
tried  but  represented  the  choice  of  those  working  on  the  problem  at  the 
time  as  the  next  to  be  tested.  The  most  serious  problem  turned  out  to 
be  the  fabricating  of  plates  for  tests.  Machining,  welding,  and  casting 
of  spikes  were  considered.  Each  presented  problems  that  seemed  siorc 
difficult  than  the  previous  one  -  depending  entirely  upon  how  far  the 
derails  were  pursued. 

Machining  would  be  vary  simple  for  a  test  plate  requiring  inly 
a  few  spikes,  but  the  drilling  and  tapping  of  six  thousand  one  inch 
holes  in  two  inch  steel  presents  a  job  of  tremendous  proportions  ror 
the  already  overloaded  Proving  Ground  facilities,  ar.d  would  not  repre¬ 
sent  armor  that  could  be  used  on  tanks. 

Welding  around  the  base  of  the  spike  on  a  test  plate  would  be 
an  "almost  impossible"  job  and  probably  would  be  imposs.'ble  for  auant- 
ing  them  on  a  tank.  The  strength  of  the  weld  and  the  effect  of  the  weld 
on  the  plate  would  be  problems  even  if  a  method  could  be  feurd  to  reach 
between  spikes  to  do  the  welding.  A  proposal  to  drill  holes,  insert  the 
snike  and  weld  the  base  involves  almost  as  iruch  work  as  machining  and 
has  nlaiiy  of  the  uncertainties  of  welding. 

Casting  might  be  possible,  but  several  large  founderies  either 
refused  the  job  or  foresaw  very  serious  problems.  A  problem  of  heat- 
treating  the  spikes  after  casting  would  remain  even  if  the  castings 
could  be  obtained. 

There  appears  to  be  3  relatively  simple  method  of  mounting  spikes 
by  stud  welding  but  even  this  method  leaves  many  problems.  A  contract 
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will  direct  their  study  to  embedded  materials  with  special  reference 
tc  a  practicable  use  of  the  properties  of  glass.  The  matrix  (at  least 
for  the  first  of  the  study)  will  be  a  bituminous  material,  such  as 
used  in  HC52  which  th»:y  produced  during  the  last  war.  Both  of  these 
companies  will  study  the  reports  of  past  •■*>sts  and  will  be  aware  of 
the  work  being  done  by  the  other. 


Any  material  that  shows  promise  of  unusual  protection  against 
shaped  charges  will  be  tested  f etcher  against  A?  Projectiles.  HJP 
will  then  be  tried  on  any  material  or  arrangements  of  materials  that 
appear  superivr  to  ferrous  armor  in  its  overall  ability  to  defeat 
both  hollow  charge  and  AP  projectiles. 
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is  fc'ing  nti^otiated  vith  the  Neisosi  SttKi  Ue)dng  Cciapany,  ujrain, 

Ohic,  to  itady  these  p'obleps  and  der^eiop  a  siiaple  method  of  attach- 
'ng  spiiMS  to  steel  and  at«c»-.  It  is  proposed  chat  they  provide  plates 
for  te.ot»  at  APG. 

The  i«e  of  plastic  explosives  mentioned  in  the  third  proposal  pre¬ 
sents  3  hazard  as  well  as  a  problex.  It  is  sti-1  proposed  to  initiate 
tests  to  determine  rhe  best  erplosive,  the  best  proportions,  and  the 
oest  arrangement  of  the  explosive  to  defeat  the  3.:  in.  rocket.  Any 
armor  that  would  dereat  the  shaped  charge  would  still  has’e  to  be  tried 
by  the  other  type  projectiles.  These  studies  w'll  prr-c<ed  as  soon  as 
other  tank  anaor  problems  are  under  way  and  rh^  r.cceosarv  i>ersonnel  is 
available. 

The  fourt*-  properai  reievs  fo  tests  other  than  st  apei  charges. 

Any  armor  suitable  for  a  tank  -^st  able  to  defeat  any  lyr-e  of 

projectiles  which  may  be  used  against  tt.  An  arror  developed  to  de¬ 
feat  hollow  Charges  must  be  tested  bv  AP  and  HEP  projectiles  before 
it  can  be  considered  acceptable  tor  tank  use.  One  particular  projec-- 
tile  that  vill  be  used  is  the  lOSao  TSl. 

FL'R'rrfEB  paopceAi.s 


Tnese  has  been  an  increase  in  the  urgency  and  in  the  number  of 
piobie>':s.  BRL  has  assigned  additional  personnel  to  these  tests  and 
the  following  fi'-'e  points  are  also  included  in  the  present  proposals. 

i.  rne  knowii  facts  and  theories  concerning  the  penetration 
of  shaped  charges  are  not  perfected  to  such  a  point  that  the  best 
armor  can  be  praoLcted.  Therefore  it  wi!  1  be  necessary  to  pertorm 
tests  of  ouny  materials  in  an  effort  to  iete“aine  one  that  wil-  possess 
the  necessary  preperties  fer  a  good  arnor.  Small  Shaped  charges  have 
been  ordered  to  use  in  these  tests  and  several  materials  are  on  hand  to 
test  as  soon  as  the  charges  becontc  available.  Other  catcr’als  will  be 
•'rocured  and  tested  later.  T’  ve  or.  hand  no--  are 

a.  Mycalex  by  tie  Mycalex  Corporation  of  Americ.'. 
Clifton,  New  Jersey 

b.  Kaylo  Plastic  -  Types  I  i  II  by  Kaio  f r.-- ’.neering 
Company,  Oldsmar,  Florid.:. 

c.  Transite  by  Johns  Marviiie  Company 

d.  Vcroiculitc  by  International  Vermiculite  Coxp-iny , 
Gerard,  Illinois 

e.  Natural  Materials  (Sane,  Gravel,  Crushed  Sock''- 

Tests  of  sand,  gravel,  and  crushed  rock  are  in  proeress. 

The  2.36  inch  rocket  is  being  used  rather  than  wait  fer  the  special 
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cbarge-s.  Tnese  aatetials  are  t??in?  coDsidered,  because  the,  sight 
yield  a  sispic  field  solution  for  tie  problem  were  the  present  tanics 
to  encounte::  this  type  of  attacSc.  A  study  is  being  conducted  to  de- 
tensiae  if  there  arc  significant  differences  in  the  protection  offered 
by  coarse,  aediua,  and  fine  sand;  also  to  see  if  there  is  a  difference 
betvecn  dr/,  damp,  and  flooded  saterials-  Crushed  reck  will  be  tested 
to  coe-pare  to  sand  and  gravel. 

Piiysicai  and  cheaicai  analysis  will  be  asde  of  the  materials 

tested. 

2.  Spaced  arisor  will  be  tested.  There  is  nc  question  in 
the  minds  of  many  that  s.oaced  armor  hat  some  advantage,  but  the  design 
of  a  spaced  armor  triat  tan  te  used  on  a  tank  is  not  simple.  First, 

the  asrount  of  space  required  may  be  far  too  sjuch  to  permit  use  on  tanks. 
Second,  fabrication  of  spaced  armor  aay  ba  a  problem  even  if  space  re¬ 
quirements  arc  not  ercensive.  n  study  will  i-«  ?wde  to  determine  tbe 
effectiveness  of  different  types  of  spaci.'sg  egarnst  existing  shaped 
charge  projcctilas, 

3.  Clcsely  related  to  spaced  arsfor  is  the  ’"sandwich"  armor: 
that  is,  araor  consisting  of  layers  of  steel  and  non-ferreus  materials. 

If  test-  of  this  type  of  material  or  arrangesv-'-nts  of  materials  are 
made,  it  will  be  after  the  ttsting  of  space.',  armor  and  trie  testing  of  the 
mater tals  ttieasclvcs. 

4.  Heavy  Aluainuo  Ansor  is  being  procured  for  tests.  Oast 
aluminum  is  on  hand  and  wi:l  be  tested  first.  Special  plates  .•>£  tem¬ 
pered  aluninum  armor  will  be  tested  later.  The  plates  are  to  i>e  S.6 
inches  thick  and  backed  by  2  inches  of  steel  arm-jr.  They  are  to  be 
tested  with  AP  projectiles  and  3.5  inch  rortets  to  determine  the  vul- 
.-lerability  of  full  scale  arm>r. 

5.  Partial  as  well  os  complete  protection  will  be  considered 

in  all  cases.  The  weapons  now  available  make  complete  protection  extreme¬ 
ly  diificult,  but  if  the  use  of  tanks  continues  research  will  aiso  con¬ 
tinue  for  the  best  possible  protection  agains*  snown  weapons. 


COJiCUiSiOS 


Studies  of  both  active  and  passive  armors  wil''  continue  at 
an  Increased  rate.  Partial  protection  as  wei I  as  complete  protec¬ 
tion  will  be  considered.  Ssiall  shaped  charges  and  full  scale  rounds 
wil.  be  used.  Many  types  and  arrangements  of  materials  will  be  tested. 
Finally  ony  eaterials  or  arraneeoet-ts  r.nat  appears  t-o  afford  effective 
orotection  against  sliaped  charges  ate  to  be  tested  with  HEP  and  Al’ 
pro  jcc.  l:«.  . 


